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potential IL-1 antagonists we have developed and characterised
an acute model for IL-1 mediated joint destruction.
Methods: Rats were injected with 10 or 100 ng of IL-1β into
the left ankle and saline vehicle control in the right ankle and
analysed over a 2-24 h time course. Mechanical hyperalgesia,
swelling and histopathological changes of the ankle joints were
measured. The concentration of interleukin-6 (IL-6), nitric oxide,
prostaglandin E2 and glycosaminoglycan (GAG) was determined
in synovial lavage ﬂuid samples. RNA puriﬁed from whole ankle
joints was used to quantitatively measure expression of 48 genes
encoding inﬂammatory, degradative and cartilage extracellular
matrix (ECM) genes.
Results: Histological analysis demonstrated that IL-1β induced
a time-dependent increase in synovitis, synovial hypertrophy and
cellular debris in the intra-articular space compared to saline
injected ankles. IL-6 protein levels peaked 4 h after intra-articular
IL-1β injection, which is consistent with IL-6 gene expression
levels and increased ankle diameter after 4h. GAG concen-
trations in lavage ﬂuid samples were increased 4 and 24 h
after intra-articular IL-1β injection. However, there were no obvi-
ous histological changes in the articular cartilage noted over this
time course. RNA measurements indicated pro-inﬂammatory and
degradative genes such as COX-2, IL-1β, iNOS and ADAMTS5
were up-regulated by IL-1β.
Conclusions: IL-1β induced pain and inﬂammation of the joint
including synovitis and a corresponding increase in IL-6 protein
and gene expression levels. GAG release was detected in joint
lavage ﬂuid despite histological analysis showing no evidence
of cartilage damage. This therefore represents a useful acute
model with which to evaluate the efﬁcacy of IL-1 antagonists.
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HOW DOES VITAMIN D AFFECT BONE AND CARTILAGE
IN THE SPONTANEOUS GUINEA PIG MODEL OF
OSTEOARTHRITIS?
T.A. Hunt, R. Kandel, R. Renlund, R. Vieth, M. Grynpas
Samuel Lunenfeld Research Institute, Mount Sinai Hospital,
Toronto, ON, Canada
Purpose: Osteoarthritis (OA) is a progressive disorder character-
ized by degeneration of articular cartilage and bone remodeling.
Vitamin D is known to play a role in bone health; changes in
vitamin D levels may contribute to the development of OA. The
Framingham study showed that low serum levels of vitamin D
are associated with an increased risk for OA progression in the
knee. The aim is to examine the effect of either low or high
levels of vitamin D supplementation on the articular cartilage and
subchondral bone in the spontaneous guinea pig model of OA.
Methods: Male Dunkin-Hartley guinea pigs spontaneously de-
velop OA. 24 male guinea pigs were divided into 3 groups
(n=8) and received either a vitamin D-free (D-, 0 IU/day), con-
trol (153 IU/day) or high vitamin D (D+, 513 IU/day) diet. All
other nutritional contents were kept constant. The guinea pigs
were received at 2 months of age and vitamin D modulation
began upon arrival. The animals were harvested at 4, 6, and
9 months of age. Serum biochemistry was ﬁrst evaluated to
determine the response to the vitamin D dosing. To deﬁne the
cartilage response, a modiﬁed Mankin grading was used. Bone
mineral density (BMD) was evaluated using DXA, and bone histo-
morphometric parameters were evaluated using Bioquant Bone
Morphometry software. Subchondral bone quality was evaluated
using backscattered electron images to quantify the trabecu-
lae connectivity and mineralization. Kidney tissue was evaluated
histologically for the presence of calciﬁcation.
Results: There was a signiﬁcant (p<0.05) increase in blood
serum vitamin D levels as the dose increased. Calcium home-
ostasis was maintained, although a decrease (p<0.05) in phos-
phate was seen in the D- group at each time-point. An increase
(p<0.05) in the serum alkaline phosphatase was seen in the D-
compared to the D+ groups. Over time there was evidence of
OA seen by increasing Mankin scores. No signiﬁcant differences
were seen in the degree of OA changes between the treatment
groups. The BMD for both the control and D+ groups increased
(p<0.05) with age, while the BMD for the D- group plateaued
after 6 months and was signiﬁcantly lower (p<0.05) compared
to control and D+ groups by 9 months of age. An increase
(p<0.05) in bone volume was seen for all treatment groups from
4 to 6 months, explained by increasing trabecular thickness and
decreasing trabecular separation. The bone volume for the D-
group decreased from 6 to 9 months and was signiﬁcantly lower
compared to the control group. The osteoid volume decreased
(p<0.05) with time for the control and D+ groups, but the osteoid
volume for the D- group showed an increase with time and by 9
months was signiﬁcantly higher compared to the other treatment
groups. Although peak connectivity was seen for the D+ group
at 6 months, no differences were seen between the treatment
groups at 9 months for the femur. The mineralization proﬁle of
the subchondral trabecular bone shows that the D+ group main-
tained mineralization with age, while the control and D- groups
become hypomineralized. There were no detectable effects of
treatment on renal calciﬁcation.
Conclusions: Although increases were seen in the serum vita-
min D levels, the calcium homeostasis was maintained. Calcium
is tightly regulated in the body. The drop in phosphate is likely
due to an increase in parathyroid hormone and loss of phosphate
into the urine. The increase alkaline phosphatase indicated im-
paired mineralization for the D- group, which is supported by the
drop in BMD and hypomineralized bone for the D- group. Ulti-
mately, the D- group showed impaired bone quality (decreased
quantity, hardness, mineralization). The mineralization in the D+
group showed no changes with time, even though the Mankin
score indicated severe OA.
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H. Weinans
Erasmus Medical Center, Rotterdam, The Netherlands
Purpose: In osteoarthritis (OA) the cartilage of joints is dam-
aged, but also bone changes take place. Since the prevalence
of OA increases strongly in women after the age of 50, and car-
tilage damage is increased after ovariectomy in several animal
models, it is suggested that hormone depletion plays a role in
the onset or progression of OA.
We hypothesize that hormone depletion may weaken the joint
tissues and make them more susceptible to OA. This means that
hormone depletion in combination with an additional trigger will
lead to (more) joint degeneration.
Our aim was to study both subchondral bone and cartilage
changes in a murine model for postmenopausal OA.
Methods: Female C3H/HeJ mice, aged 12 weeks, were used.
To induce mild OA, 0.5% iodoacetate (IA) was injected intra-
articularly into the right knee joints, whereas the left knee
joints were injected with saline. The mice were then divided
into two groups. One group (n=8) underwent an ovariectomy-
procedure (OVX), while another group (n=8) was sham-operated.
Thus, each knee joint belonged to one of the following groups:
Sham+Saline, Sham+IA, OVX+Saline, or OVX+IA. Using in-vivo
micro-CT (Skyscan 1076, Skyscan, Belgium), the mice were
scanned under anesthesia every 3 weeks for a period of 12
weeks to visualize subchondral bone changes in the knee joints.
After reconstruction and segmentation of the scans, tibial sub-
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chondral plate thickness and trabecular bone parameters of the
tibial epiphysis were calculated. At the end of the 12-week pe-
riod, histological analysis was performed on the proximal tibias.
Cartilage damage was scored and GAG loss was evaluated
using safranin-O staining.
Results: The thickness of the medial and lateral subchondral
plate already decreased from 3 weeks post-surgery in the
OVX+IA group. At 12 weeks post-surgery, both medial and
lateral subchondral plate thickness was signiﬁcantly lower in
the OVX+IA group than in the Sham+Saline, Sham+IA, and
OVX+Saline groups. The trabecular bone parameters in the tibial
epiphysis did not change in all groups.
Overall, the cartilage damage was very mild. In the OVX+IA
group, the damage at the medial tibia plateau was mildly higher
than in the other groups. The GAG depletion was higher in both
Sham+IA and OVX+IA groups at the medial tibia plateau, but
OVX did not strengthen the IA effect. Osteophytes were found
in both Sham+IA and OVX+IA groups, mainly at the medial tibia
plateau.
Figure 1. % Change in subchondral plate thickness.
Conclusions: In both the medial and lateral subchondral plate,
the combination of IA and OVX lead to a decrease in thickness,
whereas IA alone or OVX alone did not. This indicates that
hormone depletion makes the subchondral bone plate more
susceptible for thinning in a situation where cartilage damage
is triggered by IA. The cartilage damage was very mild in all
groups and occurred mainly at the medial tibia plateau. The
bone changes did not seem to inﬂuence the cartilage damage.
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T1RHO RELAXATION EVALUATION OF KNEE
OSTEOARTHRITIS IN A GUINEA PIG MODEL
C. Wang, M. Fenty, W.T. Witschey III, A. Borthakur, R. Reddy
University of Pennsylvania, Philadelphia, PA
Purpose: T1rho-weighted imaging has shown promise as a di-
agnostic measure of early osteoarthritis. The T1rho relaxation
time during a spin-locking pulse has enhanced sensitivity to
the interaction between bulk water molecules and extracellu-
lar matrix macromolecules such as the proteoglycans in the
articular cartilage. In this study, we evaluated the efﬁcacy of
T1rho MRI in determining the osteoarthritis changes in an animal
model (Dunkin-Hartley guinea pig) of spontaneous osteoarthri-
tis. Guinea pigs of young and old age groups (2.5 month and
9 month-old accordingly) are imaged with a T1rho MRI pulse
sequence, and their cartilage T1rho values were measured at
the femoral-tibial joint.
Methods: All animal-related experiments were reviewed and ap-
proved by our institute’s animal use committee (IACUC). MRI
was performed on the left knee joint of three 2.5-month-old
and three 9-month-old guinea pigs on a Varian 9.4T horizontal-
bore MRI scanner with a custom-built 2.5 cm diameter knee
coil. Following localization of the joint with a standard gradient-
echo protocol, a series of T1rho images were obtained in the
coronal plane using a spin-lock prepared gradient-echo pulse
sequence with the following parameters: TE/TR=8.04/1500ms,
TSL (duration of spin-lock pulse)= 1, 10, 20, 30 and 40 ms, spin-
lock frequency=1500Hz, slice thickness=1mm, FOV=3x3cm, Ma-
trix=512x256. This protocol yields an in-plane resolution of
59x117 microns, with the highest resolution across the femoral-
tibial cartilage. Cartilage was manually segmented from each
image by simple thresholding of pixel intensities, and the carti-
lage signal was ﬁtted to an exponentially decaying function in
order to obtain T1rho values on a pixel-by-pixel basis.
Results: Figure 1 shows that the femoral-tibial cartilage from
the old animal is thinner than that of the young animal and has
elevated T1rho values. Indeed, the average T1rho is signiﬁcantly
greater (p<0.025) in the cartilage in all three 9-month animals
compared to the three younger animals (Figure 2), suggesting
that T1rho is directly related to the degree of cartilage degener-
ation in this model of spontaneous osteoarthritis.
Figure 1. T1rho maps (in color) of articular cartilage overlaid on T1rho-weighted
images (grayscale) of two representative guinea pig knees obtained in vivo with
a pixel size of 59x117 microns in-plane resolution.
Figure 2. Average T1rho values and standard deviation bar.
Conclusions: T1rho is shown to be sensitive to knee osteoarthri-
tis in this animal model. The protocol is sensitive to osteoarthritis
cartilage degradation. In the future, we will use a 3D T1rho imag-
ing protocol to image animals of multiple age groups. Although
this result is preliminary, it nevertheless shows the feasibility
of using T1rho MRI in conjunction with guinea pig model in
evaluating potential therapies in longitudinal studies.
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K.S. Kilgore, X. Liang, S.J. Hoffman, C. LePage, B.A. Swift,
J.R. Connor, S. Kumar
GlaxoSmithKline, Collegeville, PA
Purpose: Osteoarthritis (OA) is a joint disease characterized
by cartilage degradation, osteophyte formation, and changes
to the subchondral bone. While rodent models of OA mimic
the cartilage changes noted in the human condition, changes
to the subchondral bone in these models have yet to be fully
characterized. The purpose of the present study therefore was to
characterize the subchondral bone changes using dynamic bone
histomorphometry in the rat medial meniscectomy model of OA.
